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摘要 
I 
摘  要 
1,3-丙二醇（1,3-PD）是一种重要的化工原料，具有广泛的应用领域。发酵
法生产 1,3-PD 以利用可再生资源等优点日益受到重视。大部分研究以纯甘油为
底物，成本高，如果以粗甘油为底物，可大大降低生产成本。 
本论文的研究目的是以粗甘油为底物，以 Clostridium butyricum（丁酸梭状
芽孢杆菌）为生产菌株，通过厌氧发酵生产 1,3-PD，在粗甘油预处理、提高菌体
浓度、提高单位菌体生产能力、延长发酵周期和建立动力学模型这几个方面进行
了研究，主要结果如下： 
（1）分批发酵结果表明粗甘油对发酵有明显的抑制作用。用粉状活性炭对
粗甘油进行吸附预处理可显著降低抑制作用。通过均匀设计对预处理条件进行优
化，优化后活性炭用量明显降低，而预处理粗甘油的发酵与纯甘油的发酵基本没
有差别。红外光谱分析表明抑制性杂质很可能是苯环类化合物。 
（2）通过分批发酵考察酵母粉、谷氨酸、脯氨酸和 Mn2+对菌体生长的影响。
提高酵母粉浓度能显著促进菌体生长。作为渗透压保护剂，虽然能提高菌体的耐
渗透压能力，但谷氨酸不利于菌体的生长，而脯氨酸对菌体生长的促进作用较低。
Mn2+对菌体生长没有促进作用。 
（3）试图通过提高补料分批发酵的菌体浓度来提高 1,3-PD 的产量。增加酵
母粉的供给能显著促进菌体生长，明显提高 1,3-PD 的产量，但如果菌体过度过
快生长，即使菌体浓度很高，1,3-PD 的产量却得不到提高。分析发现菌体过度过
快生长使 ATP 代谢偏向菌体生长，用于菌体维持能的 ATP 量减少，导致单位菌
体生产能力下降。初始甘油浓度对补料分批发酵有重要的影响，过高或过低的初
始甘油浓度或不利于菌体生长或不利于 1,3-PD 合成。提高种子液的菌体浓度能
加速菌体生长，但使 ATP 代谢偏向菌体生长，不利于 1,3-PD 合成。以上结果表
明，菌体的 ATP 代谢会影响单位菌体合成 1,3-PD 的能力，而菌体的生长速率会
影响 ATP 代谢。 
（4）分批发酵结果表明，降低培养温度能降低菌体生长速率，使 ATP 代谢
偏向菌体维持。在补料分批发酵中通过降低培养温度，1,3-PD 的浓度由 49.3 g L-1
（37 °C）提高至 54.5 g L-1（33 °C）。降低接种量虽然能降低菌体生长速率，使
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ATP 代谢偏向菌体维持，但最终菌体浓度降低，1,3-PD 浓度没有得到有效提高。
在不影响单位菌体生产能力的前提下，采用两阶段温度控制策略，1,3-PD 浓度进
一步提高至 59.4 g L-1。试图通过降低磷酸盐和(NH4)2SO4 的浓度来降低菌体生长
速率，但结果发现菌体生长速率不受影响。 
（5）试图通过调控 pH 和增加(NH4)2SO4 的供给来延长发酵周期，但由于 pH
为 7.5 时不利于菌体的生长与生存，两阶段 pH 控制策略不能有效延长发酵周期，
1,3-PD 的浓度只稍稍提高至 61.1 g L-1，而增加(NH4)2SO4 的供给对发酵基本没有
影响。 
（6）对分批发酵过程建立了动力学模型，并考察了初始甘油浓度、酵母粉
浓度、培养温度和 pH 对发酵动力学行为的影响。结果发现培养条件对发酵动力
学行为影响较大，有趣的是，提高酵母粉浓度使菌体最大比生长速率降低，但能
使产物对菌体生长的抑制作用降低。某些培养条件下的发酵过程，虽然其发酵结
果基本没有差别，但动力学行为差别较大。 
关键词：1,3-丙二醇  粗甘油  菌体浓度  生产能力  动力学模型 
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Abstract 
1,3-Propanediol (1,3-PD) is an important chemicals with wide range of applications. 
Microbial production of 1,3-PD has attracted wide attentions in that it uses renewable 
resources. Most studies were done using pure glycerol and its cost was high. The cost 
could be reduced if raw glycerol is used. 
In this paper, raw glycerol was used for 1,3-PD fermentation by Clostridium 
butyricum under anaerobiosis. Investigations were focused on pretreating raw glycerol, 
increasing biomass, enhancing unit microbial production capacity, prolonging 
fermentation period, and developing kinetic model. Results are as follows: 
(1) Batch cultures indicated that raw glycerol had inbibiting effect on fermentation. 
The inhibiting effect could be significantly relieved if raw glycerol was pretreated by 
adsorption using powdered activated carbon. The pretreatment conditions were 
optimized using Uniform Design. The activated carbon amount used in pretreatment 
was reduced after optimization while fermentation on pretreated raw glycerol was 
comparable with fermentation on pure glycerol. FTIR spectra indicated that the 
inhibiting impurities were probably aromatic compounds. 
(2) Batch cultures indicated that microbial growth could be significantly stimulated 
by increasing yeast extract concentration. Glutaminic acid had negative effect on 
microbial growth while proline had little positive effect, although they could act as 
osmoprotectant. Mn2+ could not stimulate microbial growth. 
(3) It was tried to increase the biomass of fed-batch culture to enhance 1,3-PD 
production. Microbial growth was significantly stimulated with 1,3-PD titer increased 
by increasing yeast extract supply. However, if microbial growth was excessive, 
1,3-PD titer could not be increased in spite of higher biomass. ATP metabolism was 
prone to microbial growth if microbial growth was excessive, making ATP amount for 
microbial maintenance reduced. So unit microbial production capacity was low. Initial 
glycerol concentration had significant impact. It was not fit for microbial growth or 
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